
Physics 521, Stars 
Stanimir Metchev, Sep 23, 2011 
 
Homework Assignment 2 Due in class on Thursday, Oct 6, 2011 
 
Material covered: lectures 5–9, Chapters 3–5 of HKT. 
 
1. (15 points)  Study the attached tabular model sun.  Identify the r and m(r) at which 

the following occur, and qualitatively explain the relative numbers (some of them you 
should be able to estimate to better than an order of magnitude by using other 
numbers and hydrostatic equilibrium):  
a. pressure falls to half the central value; 
b. temperature falls to half central value; 
c. half of the luminosity is generated; 
d. half of the hydrogen has been consumed; 
e. fraction of the sun’s mass above R


/2. 

 
2. (20 points)  Use the attached tabular model sun and graphs of opacity [from Iglesias 

& Rogers 1996, ApJ, 464, 943 or Rogers & Iglesias 1992, ApJS, 79, 507; note that R 
≡ ρ(T/106K)–3 with ρ in g cm–3] to estimate: 
a. the ratio of radiation energy density to gas energy density at the center of the sun 

and at R = 0.5R


; 
b. the Rosseland mean opacity at the center of the sun and at R = 0.5R


; 

c. the mean free path of a typical photon at the center of the sun and at R = 0.5R


; 
d. the time it takes for a typical photon to diffuse out of the sun. 

 
3. (15 points) Effects of radiation pressure in stars. 

a. Define β to be the ratio of gas pressure to total pressure within the star, and βc to 
be that ratio at the center of the star.  Show that the central pressure can be written 
as 
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b. Derive an upper bound on the central pressure by using the integral form of the 
equation of hydrostatic equilibrium and eliminating radius in favor of mass by r = 
(3m/4π〈ρ〉)1/3, where 〈ρ〉 is the mean density within radius r containing mass m.  
You should find an upper bound to the central pressure in terms of fundamental 
constants, M, and ρc.  In turn, use this to derive a relation of form M > function 
(βc, fundamental constants). 

c. Show that if β* is the value of βc which makes the result of (b) an equality, than 1 
– β* ≥ 1 – βc, and so place limits on the ratio of radiation pressure to total 
pressure for stars of given masses.  Evaluate this ratio numerically for solar 
composition and M = 1, 5, 50M


. 

 



4. (20 points) Convection in a white dwarf envelope. 
 Consider a white dwarf of 0.6 M


, radius 10–2 R


 , and effective temperature 12,000 

K.  A computed model envelope shows that the envelope is convective from the 
photosphere through the hydrogen and the (deeper) helium ionization zones.  In the 
middle of the hydrogen ionization zone (ionization fraction is xH = 0.69) a model 
computed with mixing length lm = 2λP (i.e., α = 2) gives the following conditions (in 
cgs units): log T = 4.29, log ρ = –5.51, log P = 6.80, κ = 4.7×10–3, ∇ad = 0.15, ∇rad = 
4.4.  At this depth, the (Rosseland) optical depth is τ ~ 100. 
a. Calculate the pressure scale height λP at this zone, and verify the claimed ∇ad = 

0.15 using HKT equation 3.130; 
b. Estimate the velocity of the convection cells in this zone.  What is their Mach 

number? 
c. Compute ∇.  Is the convection efficient or inefficient (i.e., do eddies lose little or 

most of their heat while rising)? 
d. Estimate the turnover time for eddies.  White dwarfs of this type are observed to 

have g-mode oscillations with periods of ~102 s.  Such oscillations cause 
temperature variations at the base of the envelope on the mode period.  Do you 
expect the convection in the ionization zone to respond to these, or is the 
convection so slow that it is ‘frozen’ during a g-mode oscillation? [If you got this 
right, you are doing better than all but three of the many calculators of white 
dwarf oscillations in the world!]. 

 



 


